(C) 2,015,782 

1990/04/30 

1991/10/31 

1993/10/76 

31C-22 
CR. 319-19 

5 

(51) INTL. CL. H01M-0O4/80; H01M-004/88; H01M-004/92 

(19) (ca) CANADIAN PATENT (12) 

(54) Membrane Electrode Assembly 

(72) Epp, Danny G. , Canada 
wiens, Ben I* , Canada 

(73) Ballard Power Systems Inc. , Canada 
(57) 57 Claims 



■ ^ ■ A*f aw 66 conrmerciA]#a Canada Co poraie Afaira Canada 

^ Bureau brevets Patent Cf>cm 

Ortkwt. Ca^dt /111 
K1A0C9 1 ' 

(22) 

(43J 

(45) 

(52) 
C.L. 



Canada 



CCA 17S4pA«J0 41 a»|1-t»VM 



2015782 



IMPROVED MF.HBRA NE_ EMCTRvPK ASSEMBLE 

TnTTRQDUCTIQM 

This invention relate, to a membrane electrode 
and seal assembly and, .ore particularly, to euch an 
assembly used in solid polymer type fuel cells. 

aa.gKSBjamiiL.pr tots tnyentiph 

Fuel cells using membrane electrode assemblies 
are known and have been produced and sold by the 
applicant. Such cells are known as solid polymer type 
fuel cells which comprise, in the heart of the sy.tem, two 
porous electrodes separated by an electrolytic material. 
The porous electrodes and the electrolytic material form 
an asseebly called a -membrane electrode assembly- or 
•MEA". The MEA is located between two electrical 
conducting or graphite plates. The graphite or field flow 
plates supply fuel and oxidant in the form of hydrogen and 
air or oxygen, respectively, to the MEA and also act to 
provide current generated by the fuel cell to an external 
electrical circuit where it may be stored or otherwise 
used. The fuel and oxidant are supplied to the MEA by 
grooves in the surface of the plates adjacent the membrane 
which communicate with manifolds carrying gases to each of 
the individual cell assemblies. 

The assembly further includes a catalytic 
material on the surface of each electrode which contacts 
the electrolytic membrane. The electrodes are each made 
from porous carbon fibre paper or "CFP" which has been 
rendered hydrophobic. Ridges between the grooves in the 
plates also contact the electrode. The MEA consumes the 
fuel and oxidant through an electrochemical process and 
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produces an electrical current which can be dr^vn from the 
electrodes to an external circuit. 

It is important to ensure that the fuel and 
5 oxidant gases supplied to the MEA do not mix and, to that 
end, scaling the gases to prevent such mixing is 
imperative* In the event that hydrogen and oxygen combine 
within the fuel coll in combination with an appropriate 
catalyst vhich may also be present, a combustible mixture 
10 can form anO inflame. In the event that the fueJ and 

oxidant leak from the interior to the exterior of the fuel 
cell, it can reduce the efficiency of the fuel cell and 
can also create a fire or explosive hazard. 

15 m one previous fuel cell, an MEA was used 

between the two electrical conducting or graphite plates 
which included an electrolytic membrane bonded between the 
two electrodes. This membrane extended substantially 
beyond the edge or periphery of the electrodes and was not 

20 supported by or bonded to them. The electrodes covered 
only the *nner or active portion of the membrane and the 
outer periphery of the membrane was free of the 
electrodes. 

25 This membrane electrode assembly was 

disadvantageous for several reasons. First, the membrane 
was installed between two adjacent electrical conducting 
plates and acted as a gasket sealing the gases in the 
electrode region from the exterior, isolating the gaseu in 

30 their respective manifolds and electrically insulating the 
electrical conducting flow field plates between which it 
was installed. 

Such electrolytic membranes, however, did not 
35 function well as gaskets. The membranes were subject to 
shrinking and swelling depending on the water content of 
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the membr^e. Since they w*re free to shrink and sw*l.l, 
the potential for tearing or for fatigue cracks to form 
was high. Although various techniques were utilized In *n 
attempt to minimize the leaks acrctxs the membrane between 
the flow field plates, the techniques were expensive and 
leaks continued to renulr.. 

With the unsupported membrane of the previous 
membrane assembly, it war alcio necessary to machine a 
recess in each flow field plate contiguous with the 
periphery of the electrode so that the HEX cou d be 
appropriately positioned between the flow field plates 
with a uniform distance being maintained about the 
periphery so that the membrane could be tightened 
appropriately between the plates so as to function with a 
good sealing action. Such machining was time consuming 
and expensive anc<, in fact, assisted only slightly in 
enhancing the sealing action. 

Yet a further disadvantage with the previous 
assembly was that the membrane itself was difficult to 
position and to be maintained in position while the stack 
ansembly was being assembled. This was so since the 

membrane is quite thin and is Inherently very flexible in 
addition to being subject to expanding and contracting due 
to the humidity changes in the gases to which the pombrane 
was subjected. 

It was also necessary in the prior membrane 
electrode assembly to position seals about thn water and 
gas passages which extended through the flow field plates 
and the membrane. This was accomplished by machining 
grooves in the graphite field flow plates on either side 
of the membrane assembly and manually positioning rubber 
seals in the grooves. This was time consuming. Likewise, 
whntn assembling the cells, the seals could be dislodged 
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from r.he grooves if of an O-ring configuration or, if of t\ 
rectangular conf iguration, could be rolled in their 
grooves. In either case, the sealing action was adversely 
affected, 

s 

gUMH*RY OF THE DT7ENTI0N 

According to one aspect of the invention, there 
is; provided a membrane electrode assembly for an 
10 elecv.rochcm.vcal fuel cell comprising first and second 

layer* of porous electrically conductive sheet material 
and a membrane interposed therebetween, said layers of 
sheet material covering and supporting substantially the 
entire surface of said membrane. 

15 

According to a further aspect of the invention, 
there is provided a method of forming a membrane assembly 

comprising the steps of bonding a solid polymer ion 
exchange membrane between two layers of porous 

20 electrically conductive sheet material, said layers of 

sheet material covering and supporting substantially the 
entire surface of said membrane, oaid layers of sheet 
material and said membrane* having openings formed therein 
to accommodate the passage of fluids through said 

25 assembly, forming grooves in the surfaces of said layers 
of sheet material facing away from said membrane, said 
grooves generally circumscribing said fluid passage 
cpej.ings, and depositing an extrudable sealant material 
into said grooves. 

30 

According to yet a further aspect of the 
invention, there is provided a method of forming a 
membrane assembly comprising the steps of bonding a solid 
polymer ion exchange neinbrane between two layers of porous 
35 electrically conductive sheet material, said layers of 

sheet material covering end supporting substantially the 
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entire surface of said membrane, said layers of sheet 
material and said membrane having openings formed therein 
to accommodate the passage ot fluids through sa;.d 
assembly, impregnating the surfaces of said layers of 
sheet material facing away from said membrane with a 
sealant material, said sealant material generally 
circumscribing said fluid passage openings. 

According to yet a further aspect of the 
Invention, there is provided n membrane assembly for the 
humidif ication section of an electrochemical fuel cell 
comprising first and second layers of a porous sheet 
material and a water permeable membrane interposed 
therebetween, said layers of sheet material covering and 
supporting substantially the entire surface of said 
membrane. 

According to yet a further aspect of the 
invention, there is provided a method of forming a 
membrane assembly comprising the steps of bonding a water 
permeable membrane between two layers of porous sheet 
material, said layers of sheet material covering and 
supporting substantially the entire surface of said 
membrane, said layers of sheet material and said membrane 
having openings formed therein to accommodate the passage 
of fluids through said aur-iitbly, forming grooves in the 
surfaces of said layers ot' sheet material facing away from 
said membrane, said grooves generally circumscribing said 
fluid passage openings, and depositing an extrud&ble 
sealant material into said grooves. 

According to yet a further aspect of the 
invention, there is provided a method of forming a 
nembrane assembly comprising the steps of bonding * water 
permeable membrane between tvo layers of porous sheet 
material, said layers of sheer, material covering and 
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supporting substantially the ontire surface of said 
membrane, said layers of sheet material and said membrane 
having openings forued therein to accommodate the passage 
of fluids through said assembly, impregnating the surfaces 
of said layers of sheet material facing away from said 
membrane with a sealant material, said sealant material 
generally circumscribing said fluid passage openings. 

rrtef DF jfT-nTTTT^ QE THE ffEVF** t ' V1EWS or THE DRAWINGS 

A specific embodiment of the invention will now 
be described, by w*y of example only, with the use of 

drawings in which: 

Figure 1 is a diagrammatic side view of the 
stack assembly for a fuel cell incorporating the membrane 
electrode and seal assembly according to the invention? 

Figure 2 is an end view of the fuel cell stack 
assembly illustrated in Figure it 

Figures 3A and 3B are a front diagrammatic view 
of a typical fluid flow field plate and an enlarged 
cross-sectional view of the fluid flow groove in the 
field plate, respectively; 

Figure 4 is a front view of a membrane electrode 
assembly according to the invention; 

Figure 5 is a side view of the membrane 
electrode assembly of Figure 4; 



Figure 6 is ar exploded isometric view of the 
membrane electrode assembly of Figures 4 and 5; 
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Figure 7 is a diagrammatic schematic 
illustration of the flow through the fuel cell* and 

Figure 8 is a cross-sectional enlarged view of a 
5 typical sealing groove in the electrode taken along VIII- 
VIII of Figure 4, 

DESCRIPTION OF SPECIFIC EMBODIMENT 

10 Referring now to the drawings and, in 

particular, to Figure 1, a fuel cell is generally 
illustrated at 16. It includes a stack assembly generally 
illustrated in exploded form at 10. It further includes a 
pair of end plates 11, 12 which could be fluid end plates 

15 which terminate the stack assembly 10 and a plurality of 
tie rods 15 extending between the end plates 11, 12 to 
retain and hold the stack assembly 10 in its assembled 
condition. 

20 A spacer plate 13 and an electrical isolation 

plate 14 are positioned inside the end plate 11 and a 
piston 17 is positioned within the end plate 12. Buss 
plates 20, 21 are located on opposite ends of the stack 
assembly 10 as indicated and carry the voltage and current 

25 generated by the fuel cell 16. Cooling water jackets 22,. 
23 are located immediately inside the buss plates 20, 21. 

The stack assembly 10 includes a so-called 
"active* section generally illustrated at 24 and a 

30 "humidification" section generally illustrated at 30. The 
active section 24 includes in addition to the buss plates 
20, 21 and cooling water jackets 22, 23, a plurality of 
identical assemblies illustrated generally at 31, each 
assembly consisting of three fluid flow field or graphite 

35 plates 32, 33, 34 and two membrane electrode assemblies 

(".HEA's") generally illustrated at 40 which are assembled 
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between the platen 32. 33. 34. In each aaaembly 31. the 
leftmost flow plate 32 carriee the fuel in the font of 
hydrogen gaa, the centre flow plate 33 carrle. the 
oxidant In the form of oxygen or air on cne aide and 
hydrogen on the oppoaite aide and the rightmoet plate 34 
carriea the oxidant on the aide adjacent the KEA 40 and 
water on the oppoaite aide. The configuration of the 
aaaembly 31, therefore, provide, for the hydrogen and the 
oxidant to be located on oppoaite aide, of each membrane 
electrode aaaembly 40 and a coolant fluid flow plate in 
the form of a coolant jacket which ia, in the preaent 
instance, a water jacket, to be located adjacent each 
hydrogen flow field plate. Thi. configuration ia typical 
and extenda throughout the active aectlon 24. 

The huaidification .action 30 include, a 
plurality of oxidant flow field plate. 41 generally 
located on the left hand aide of the humidif ication 
section 30 illustrated in Figure 1 and a plurality of fuel 
huaidification flow field plate. 42 generally located on 
the right hand aide of the humid if ication aection 30, a 
plurality of fuel huaidification membranee 37 and a 
plurality of oxidant huaidification membranea 36 
positioned between the fuel huaidification flow field 
plates 42 and the oxidant flow field platea 41, 
respectively. The huaidification aection 30 acta to 
humidify the gases used so that the membranea 43 in the 
active section 24 will remain moi.t or wet aa deacribed 
hereafter. The membranes 43 will otherwise allow gaaea to 
diffuse therethrough in the event the membranea 43 are 
allowed to dry. Thia may create a potential aafety hazard 
and reduce cell efficiency. The huaidification aection 30 
is intended to prevent thia eventuality. 

The active aection 24 alao differa from the 
huaidification aection 30 in the fact that there ia no 
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electricity produced in the humidif ication section 30 
whereas in the active section 24 electricity, of court*, 
is produced by reason that a catalyst in tha fons of 
platxnua is present in the membrane electrode ansamblies 
40. 

The membrane electrode assemblies 4 0 in the 
active section 24 are identical and a typical one is 
illustrated at 40 in Figures 4, 5 and 6. It comprises 
three elements, namely a first layer being an electrode 
made from porous carbon fibre paper ("CFP") 44, a second 
layer of an electrolytic material which is a solid, 
polymer, ion exchange membrane 4 3 and a third layer being 
a further electrode made from porous carbon fibre paper 
50, the electrodes 44, 50 of carbon fibre paper 
sandwiching the membrane 43 therebetween to form an 
integral assembly 40 as described in greater detail 
hereafter. 

The coolant fluid flow plate 22 is illustrated 
in Figures 3A and 3B. One side 102 of the plate 22 is 
blank but the opposite side 103 as illustrated has a 
plurality, namely ten(lO), liquid carrying grooves 51 
formed therein to carry the coolant, namely water vapour, 
from the inlet 100 to the outlet 101 although only one 
groove 51 is illustrated for ease of illustration. In 
addition, a plurality of holes (not shown) extend through 
the plate 22 to allow for passage of the hydrogen, the air 
or oxidant through the plate 22. 

The plate 22 , as described, is mounted against 
the blank side of the hydrogen flow field plate 32 (Figure 
1) . To that end, it is necessary to seal the plate 22 
against the blank side of fuel plate 32 to prevent the 
escape of water. Reference is made to sealing groove 104 
in Figure 3B which carries sealant material in the form of 
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silicon rubber or claitos«r Material 110 • Groove 104 ia 
machined in plate 22 and the sealant Material 110 ia 
injected into the groove 104 prior to assembling the stack 
assembly 10 and, in particular, prior to assembling the 
5 plate 22 against the fuel flow field plate 32. 

Referring again to the membrana electrode 
assembly 4 0 of Figures 4, 5 and 6, the two electrodes 44, 
50 sandwich the membrane 43 completely therebetween so as 

10 to form an integral unit. It will be particularly noted 
that the membrane 4 3 is sandwiched between the electrodes 
44, 50 over its entire working area and that the hoi^s 52, 
111, 113 for the oxidant, water vapour and fuel, 
respectively, extend through not only the membrane 43 but 

15 also through the electrodes 44, 50 and are conterminous 
through the three members 44, 43, 50. The membrane 43 
permits the diffusion through the membrane 43 of hydrogen 
ions and is intended to be substantially impervious to 
hydrogen and oxygen molecules. A catalyst 54, in the 

2 0 present case being platinum, is added to the side of the 
electrodes 44, 50 adjacent the membrane 43. The catalyst 
reacts with the hydrogen ions and thereby produces the 
electrical current generated at the buss plates 20, 21. 

2 5 With reference now to Figure 8, sealing grooves 

60, 61 are formed in the electrodes 44, 50, respectively, 
but do not, of course, extend through the membrane 4 3 
although they extend up to each side of the membrane as 
illustrated in Figure 8. The sealing grooves 60, 61 are 
30 injected with sealant material 62 prior to assembling the 
fuel cell 16. An appropriate sealant material 62 is a 
silicon rubber material and a suitable material ie known 
as SILASTIC £ RTV material. 

3 5 The membrane electrode assembly 40 is assembled 

by initially »ub*erging tt.fi carbon fibre paper 44,50 into 
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a mixture of hydrochloric acid and TEFLON. The carbon 
fibra paper 44, 50 ia allowed to abeorb the hydrochloric 
acid and TEFLON overnight. The carbon fibra paper 50 ia 
then removed fro. the mixture and placed on a hot plate at 
a temperature of approximately 500 - 600' to melt and bond 
the TEFLON mixturu to the carbon fibre paper 44,50 in a 
-sintering" proceaa. when the sintering process is 
complete, the carbon fibre paper 44, 50 is spread with a 
mixture of a platinum catalyst and TEFLON which is also 
bonded within the carbon fibre paper 44, 50 in a further 
e inter ir.g process. 

Two electrodes 44, 50 are, of course, used with 
each membrane 43 for each membrane electrode assembly 40. 
The bonding of the electrodes 44, 50 with the membrane 43 
is done under a combin-u process of heat, pressure and 
time until the bonding process is complete and the 
membrane electrode assembly 40 is formed into a aingle 
assembly. The process involves placing the assembly 40 in 
a press at a temperature of 175 *C and increasing the 
pressure to 600 p.s.i. A coolant drops the temperature to 
approximately 80 *C over 20 minutes and the bonding process 
is complete. 

The assembly 40 is then milled so as to provide 
the sealing grooves 60, 61. Subsequently, the coolant, 
oxidant and fuel holes represented by holes 111, 52, 113 
illustrated in Figure 4 and the guide pin holes 121, 122 
which are used for assembly purposes are punched through 
the electrodes 44, 50 and the membrane 43. The sealant 
material 62 is injected into the sealing grooves 60, 61 on 
both sides of the electrode assembly 40. 

The fuel cell 16 is then assembled by using the 
guide pin holes 121, 122 as guides for guide pins (not 
shown) . The various components are stacked together and, 
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when assembled, the nuts 120 (Figure 1) on the ends of the 
fuel cell 16 are torqued to their proper value. 

OPERATION 

5 

Reference is now Bade to Figure 7 which 
illustrates the operation of the fuel cell 16. The fuel in 
the form of hydrogen passes fron the hydrogen supply 70 
and enters the humid ificat ion section 30 through the fuol 

10 humidif ication flow field plates 42 (Figure 1) where it is 
humidified by the water carried by the humidified water 
jacket plates 39 to a value preferably close to 100% 
humidity. The humidified fuel gas then passes to the 
active section 24 of the stack assembly 10 where it passes 

15 through the hydrogen or fuel flow field plates 32 adjacent 
the anode side of the membrane electrode assemblies 40 
wherein hydrogen ions diffuse through the membrane 43. 
The hydrogen exits the plate 32 in the active section 24 
and passes to a tank 64 where excess hydrogen may be 

2 0 returned to the inlet line 63 and wherein the above- 
identified process is repeated. 

The oxidant in the form of air or, preferably, 
oxygen enters the humidif ication section 30 of the st**;k 

2 5 assembly 10 where it is humidified as it passes through 

the oxidant flow field plates 41 (Figure 1) adjacent the 
humidif ication water jacket plater 39. It then passes to 
the active section 24 and through the oxidant or fuel flow 
field plates 33, 34 adjacent the cathode side of the 

3 0 membrane electrode assemblies 40. Thfe air or oxygen then 

flows out of the active section 24 to a tank 71 where any 
pressure exceeding a certain value is vented and where any 
water formed may be returned to the fuel cell 16. 

3 5 Water vapour is provided to the active section 

24 of the fuel cell 16. The water vapour travels through 
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the wat«r jacket flow field platee 22, 34 adjacent the 
hydrogan and oxygen flow field plates 32, 33. It than 
travala to tha huaidlf ication •action 30 and thanca to 
tan* 71 where- it can ba ratumad to tha fuel call 16 by a 
puap 72. 

Many Modifications will raadily occur to thoaa 
akilled in tha art. Tor axaaple, rathar than a graphite 
■atarial being uaad for tht alactrical conducting plates, 
othar aubstancaa could ba uaad including a coaposite 
■atarial of KYNAR and graphita powdar. Llkewlee, an 
alaatoaer aatarial could ba uaad for tha coolant aatarial 
rathar than rubbar. It will alao ba undaratood that tha 
alactroda aatarial aay not nacaaaarily ba hydrophobic 
aattar although in tha praaant caea, it la ao daairabla. 
Although platinua ia uaad aa a catalyat in tha praaant 
lnatanca, it would of courae, ba poaaibla to ua othar 
aubatancaa to incraaaa tha raaction rata. Many furthar 
aodificationa will raadily occur to thoaa akillad in tho 
art to which tha invantion ralataa and tha apacific 
eabodiaanta daacribad haraln ahould ba takan aa 
illustrative of tha invantion only and not as Halting its 
scope in accordance with the accoapanying claias. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A membrane electrode assembly for an electrochemical 
fuel cell comprising first and second layers of 
porous electrically conductive sheet material and a 
membrane interposed therebetween, said layers of 
sheet material covering and supporting substantially 
the entire surface of said membrane. 

2. The membrane electrode assembly of claim 1 wherein 
said membrane is a solid polymer ion exchange 
membrane . 

3. The membrane electrode assembly of claim 2 wherein 
said sheet material comprises carbon fiber paper. 

4. The membrane electrode assembly of claim 3 wherein 
said membrane has a thickness between about .001 
inches and about .005 inches. 

5. The membrane electrode assembly of claim 1 wherein 
each of said layers of sheet material further 
includes a catalyst on at least a portion thereof, 
said layers of sheet material rendered 
electrochemically active in the area containing said 
catalyst. 

6. The membrane electrode assembly of claim 5 wherein 
said catalyst comprises platinum. 

7. The membrane electrode assembly of claim 5 wherein 
said catalyst is included on at least a portion of 
the surface of each of said layers of sheet material 
facing said membrane. 
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8- The membrane electrode assembly of claim 7 wherein 
said catalyst is included on the central portion of 
each of said layers of sheet material, said central 
5 portion substantially coinciding with the flow field 

carrying reactant gas to said sheet material layer. 

9. The membrane electrode assembly of claim 5 wherein 
said layers of sheet material and said membrane are 

10 bonded together to form a consolidated membrane 

electrode assembly. 

10. The membrane electrode assembly of claim 5, said 
layers of sheet material and said membrane having 

15 openings formed therein to accommodate the passage of 

fluids through said assembly. 

11. The membrane electrode assembly of claim 10 wherein 
said fluids include fuel gas, oxidant gas and 

20 coolant, 

12. The membrane electrode assembly of claim 11 wherein 

said coolant is water. 

25 13. The membrane electrode assembly of claim 11 wherein 
said coolant is ethylene glycol. 

14. The membrane electrode assembly of claim 10 wherein 
each of said layers of sheet material has grooves 
3 0 formed in the surface thereof facing away from said 

membrane, said grooves having an extrudable sealant 
material deposited therein, said grooves generally 
circumscribing said fluid passage openings. 
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The membrane electrode assembly of claim 14 wherein 
said sealant material extends within the pores of 
said sheet material. 

The membrane electrode assembly of claim 14 wherein 
said sealant material protrudes above said surfaces 
facing away from said membrane. 

The membrane electrode assembly of claim 14 wherein 
said grooves extend substantially the entire 
thickness of each of said layers of sheet material. 

The membrane electrode assembly of claim 17 wherein 
said sealant material contacts said membrane. 

9 

The membrane electrode assembly of claim 14 wherein 
said sealant material comprises silicon rubber. 

The membrane electrode assembly of claim 10 wherein 
each of said layers of sheet material has grooves 
formed in the surface thereof facing away from said 
membrane, said grooves having an extrudable sealant 
material deposited therein, said grooves generally 
circumscribing the electrochemically active portion 
of said assembly. 

The membrane electrode assembly of claim 20 wherein 
said sealant material extends within the pores of 
said sheet material. 

The membrane electrode assembly of claim 20 wherein 
said sealant material protrudes above said surfaces 
facing away from said membrane. 
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The membrane electrode assembly of claim 20 wherein 
said grooves extend substantially the entire 
thickness of each of said layers of sheet material. 

The membrane electrode assembly of claim 2 3 wherein 
said sealant material contacts said membrane. 

The membrane electrode assembly of claim 20 wherein 
said sealant material comprises silicon rubber. 

The membrane electrode assembly of claim 10 wherein 
the surfaces of said layers of sheet material facing 
away from said membrane are impregnated with a 
sealant material, said sealant material generally 
circumscribing said fluid passage openings. 

The membrane electrode assembly of claim 26 wherein 
said sealant material protrudes above said surfaces 
facing away from said membrane. 

The membrane electrode assembly of claim 26 wherein 
said sealant material extends substantially the 
entire thickness of said layers of sheet material. 

The membrane electrode assembly of claim 28 wherein 
said sealant material contacts said membrane* 

The membrane electrode assembly of claim 26 wherein 
said sealant material comprises silicon rubber. 

The membrane electrode assembly of claim 10 wherein 
the surfaces of said layers of sheet material facing 
away from said membrane are impregnated with a 
sealant material, said sealant material generally 
circumscribing the electrochemically active portion 
of said assembly. 
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The membrane electrode assembly of claim 31 whortiin 
said sealant material protrudes above said surfaces 
facing away from said membrane. 

The membrane electrode assembly of claim 31 wherein 
said sealant material extends substantially the 
entire thickness of said layers of sheet material. 

The membrane electrode assembly of claim 3 3 wherein 
said sealant material contacts said membrane. 

The membrane electrode assembly of claim 31 wherein 
said sealant material comprises silicon rubber. 

A method of forming a membrane assembly comprising 
the steps of: 

bonding a solid polymer ion exchange membrane 
between two layers of porous electrically conductive 
sheet material, said layers of sheet material 
covering and supporting substantially the entire 
surface of said membrane, said layers of sheet 
material and said membrane having openings formed 
therein to accommodate the passage of fluids through 
said assembly, 

forming grooves in the surfaces of said layers of 
sheet material facing away from said membrane, said 
grooves generally circumscribing said fluid passage 
openings, and 

depositing an extrudable sealant material into said 
grooves. 
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The method of claim 36 further comprising applying a 
mixture comprising a catalyst and 

polytetraf luoroethylene to the surface of each of 
said layers of sheet material facing said membrane. 

Th«i method of claim 37 wherein said catalyst is 
applied to at least a portion of the surface of each 
of said layers of sheet material facing said 
membrane. 

The method of claim 38 wherein said catalyst 
comprises platinum. 

A method of forming a membrane assembly comprising 

the steps of: 

bonding a solid polymer ion exchange membrane between 
two layers of porous electrically conductive sheet 
material, said layers of sheet material covering and 
supporting subctantially the entire surface of said 
membrane, said layers of sheet material and said 
membrane having openings formed therein to 
accomodate the passage of fluids through said 
assembly, 

impregnating the surfaces of said layers of sheet 
material facing away from said membrane with a 
sealant material , said sealant material generally 
circumscribing said fluid passage openings. 

A membrane assembly for the humidif ication section of 
an electrochemical fuel cell comprising first and 
second layers of a porous sheet material and a water 
permeable membrane interposed therebetween, said 
layers of 3heot material covering and supporting 
substantially the entire surface of said membrane. 
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42. The membrane assembly of claim 41 wherein e&id 

membrane is a solid polymer ion exchange membrane. 

5 43. The membrane assembly of claim 42 wherein said sheet 
material comprises carbon fiber paper. 

44. The membrane assembly of claim 41, said layers of 
sheet material and said membrane having openings 

10 formed therein for accommodating the passage of 

fluids through the assembly. 

45. The membrane assembly of claim 44 wherein said fluids 
include fuel gas and oxidant gas. 

15 

46. The membrane assembly of claim 44 wherein each of 
said layers of sheet material has grooves formed in 
the surface thereof facing away from said membrane, 
said grooves having an extrudable sealant material 

20 deposited therein, said grooves generally 

circumscribing said fluid passage openings. 

47. The membrane assembly of claim 46 wherein said 
sealant material protrudes above said surfaces facing 

2 5 away from said membrane. 

48. The membrane assembly of claim 46 wherein said 
grooves extend substantially the entire thickness of 
said layers of sheet mctterial. 



30 



49. The membrane assembly of claim 48 wherein said 
sealant material contacts said membrane. 



50. The membrane assembly of claim 46 wherein said 
35 sealant material comprises silicon rubber. 
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The membrane assembly of claim 44 wherein the 
surfaces of said layer* of. sheet, material facing away 
from said membrane are impregnated with a sealant 
material , said sealant material generally 
circumscribing said fluid passage openings. 

The membrane assembly of claim 51 wherein said 
sealant material protrudes above said surfaces facing 
away from said membrane. 

The membrane asrembly of claim 51 wherein said 
sealant material extends substantially the entire 
thickness of said layers of sheet material. 

The membrane electrode assembly of claim 53 wherein 
said sealant material contacts said membrane. 

The membrane assembly of claim 51 wherein said 
sealant material comprises silicon rubber. 

A method of forming a membrane assembly comprising 
the steps of: 

bonding a wator permeable membrane between two 
layers of porous sheet material, said layers of 
sheet material covering and supporting 
substantially the entire surface of said 
membrane, said layers of sheet material and said 
membrane having openings formed therein to 
accommodate the p*»3sage of fluids through said 
assembly, 

forming grooves in the surfaces of said layers 
of sheet material facing away from said 
membrane, said grooves generally circumscribing 
said fluid passage openings, and 



- 21 - 



2015782 



depositing an extrudable sealant material into 
said grooves. 

A method of forming a membrane assembly comprising 
the steps of: 

bonding a water permeable men^rane between two 
layers of porous sheet material, said layers of 
sheet material covering and supporting 
substantially the entire surface of said 
membrane, said layers of sheet material and said 
membrane having openings formed therein to 
accommodate the passage of fluids through said 
assembly , 

impregnating the surfaces of said layers of 
nheet material facing away from said membrane 
with a sealant material, said sealant material 
generally circumscribing said fluid passage 
openings. 
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FIG.3B 
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FIG. 8 



